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ABSTRACT 
Fixation disparity and fixation disparity curves (FDC's) are useful in assessing, 
diagnosing, managing, and monitoring patients with binocular vision disorders. 
When making an FDC, fixation disparity measurements are taken through different 
amounts of base-in (BI) and base-out (BO) prism. In previous studies little attention 
has been paid to the order of prism presentation. Differences in FDC's may result 
due to prism adaptation if the order of prism presentation is altered. This study 
compared two orders of prism presentation, and found that the two methods 
differed significantly at the BI extremities of the FDC. These results indicate that 
prism presentation method should be specified in further studies of FDC's, and 
noted when measuring or comparing the FDC's of patients. 
Key Words: fixation disparity, fixation disparity curve, prism, prism adaptation, 
Panum's fusional area 
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INTRODUCTION 
Fixation disparity and the fixation disparity curve (FDC) are pieces of 
information that can be valuable aids in diagnosing, assessing, and determining 
treatment for patients with binocular visual disorders1,2. The Sheedy Disparometer 
is a convenient and common tool used to measure fixation disparity and to generate 
FDC's. 
The use of the Sheedy Disparometer to generate FDC's is a relatively 
straightforward procedure. The examiner places different prism amounts before the 
subject. For each prism amount the subject reports vernier alignment of two lines 
in the disparometer, which produces a fixation disparity measurement. A graph is 
developed displaying the different prism diopter amounts utilized along the x-axis 
and the fixation disparity readings (arc min) along the y-axis3. 
While the procedure for determining an FDC is not difficult, there is some 
question regarding the order in which the prism amounts are presented to the 
subject. In a 1980 paper, Sheedy recommended the first measurement be done with 
no prism before the patient. Then a series of measurements are made through 
increasing amounts of base in (BI) prism until fusion is lost. The procedure is 
repeated through increasing amounts of base out (BO) prism3. Others have 
suggested performing the procedure with alternating amounts of BI and BO prism, 
beginning with a measurement through no prism and then measurements through 
ever increasing amounts of alternated BI and BO prism4. Most studies using FDC's 
utilize one of these two methods, although many do not specify which method is 
used. 
The apparent theory behind both methods (measuring through increasing 
amounts of BI prism followed by increasing amounts of BO prism (BI-BO), and 
measuring through increasing amounts of alternated BI and BO prism 
(alternating)), is that presenting the BO prism first or alone will cause greater prism 
adaptation than BI, which will then skew the results. Studies have shown that 
prism adaptation can affect fixation disparity measurementsS, and in fact fixation 
disparity measurements have been used to monitor prism adaptation6. Other 
variables may also affect FDC's such as the duration of presentation before the 
subject's response, the outer limit of prism presented to the subject, or even pre-task 
activities such as extensive reading, computer use, and other near-point stresses. 
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If prism adaptation does indeed affect fixation disparity measurements~ the 
method in which the prism is presented to the patient may influence the entire 
FDC. Therefore~ it would be important to note the method used when following a 
patient for subtle changes~ comparing a patient to norms1 and publishing studies 
which utilize FDC's. In this study1 two methods of prism presentation are 
compared: the BI-BO and the alternating methods described above. The resulting 
FDC's are statistically analyzed point by point to determine if the method of prism 
presentation can affect the FDC. 
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ME1HODS 
A total of 33 subjects participated in the study (17 females, 16 males). Most 
(27) were students at Pacific University College of Optometry, and all subjects were 
pre-presbyopes (17 to 36 years old). All subjects had visual acuities (best corrected) of 
at least 6/7.5 (20/25) OD, OS, and OU at distance and 6/6 (20/20) OD, OS, and OU at 
near. The subjects were also screened for full vergence ranges at near with the 
Risley prisms of a phoroptor (full ranges defined as breaks of at least 15 pd BI and 15 
pd BO for the purposes of this study). 
Instrumentation included a standard phoroptor equipped with Risley prisms, 
and the Sheedy Disparometer as described by Sheedy3. Instrument set up was as 
follows: the phoroptor was positioned before each subject taking care to center each 
eye behind the lens wells, and the phoroptor was leveled. When a subject had a 
refractive error, they were asked to wear contact lenses if possible. If not, their 
spectacles were neutralized and the result placed in the phoroptor. The Sheedy 
Disparometer was placed on a reading rod 40 em from the patient, and an adjustable 
reading lamp was positioned so it illuminated the face of the disparometer and the 
"fiber optics" which back-light the polarized vernier lines of the disparometer. 
Room lighting level was standard examining illumination. 
Prior to scheduling subjects, testing forms were numbered and the order of 
testing, BI-BO first or alternating first, was randomly assigned to each form. The BI-
BO method of prism presentation was the initial order for 18 of the subjects, and the 
alternating method of prism presentation was the initial order for the other 15. 
When each subject was seated with the phoroptor and disparometer before 
them, without polarized filters or Risley Prisms in place, they were given the 
following instruction set: "I will be making a series of measurements with the 
instrument in front of you. If you look at the face of the instrument, you can see an 
acuity chart on either side of a round hole. Inside the hole you can see two vertical 
lines (Fig. 1). Before I make each measurement I will ask you to close your eyes. 
When you are asked to open your eyes, I would first like you to make the frame of 
the instrument single if it appears double. Then look at the small acuity charts and 
clear the letters as much as possible. Next, look at the vertical lines within the circle. 
Tell me if the upper line is more to the right, more to the left, or directly above the 
lower line. The lines may appear to float. If so, tell me where the upper line 
appears to be most of the time." The subjects were asked if they understood the 
directions, and if so the testing was started. 
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Figure 1. 
A representation of the 
face of the Sheedy 
Disparometer as seen 
by the subject. Inside 
the central circle are 
two vertical lines, per-
pendicularly polarized. 
Polarized filters in the 
phoroptor allows each 
eye to see only one of 
the lines. When the 
lines appear aligned to 
the subject, a fixation 
disparity measurement 
is recorded. 
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The testing procedure began by asking the subjects to close their eyes, at which 
time the polarized filters and Risley Prisms were moved into position. In both the 
BI-BO method and the alternating method the Risley prisms were adjusted to zero 
for the first measurement. The subjects were asked to open their eyes, and the 
vernier lines were adjusted until the subjects reported alignment. Each 
measurement was bracketed with the disparometer. The subjects were again asked 
to close their eyes, and the next prism amount was placed in the Risley Prisms. As 
prism amounts increased, care was taken to balance the amount of prism before 
each eye. 
The order of prism presentation for the BI-BO method, in prism diopters, was 
zero, 3BI, 6BI, 9BI, 12BI, 15BI, 3 BO, 6BO, 9BO, 12BO, 15BO. For the alternating 
method the order was zero, 3BI, 3BO, 6BI, 6BO, 9BI, 9BO, 12BI, 12BO, lSBI, lSBO. 
Fifteen prism diopters BI and BO were selected as the end point because it was found 
through trial and error to be an amount of prism through which most subjects 
could maintain fusion. Those unable to maintain fusion through all portions of the 
testing were dropped from the study (not included in the 33 subjects listed). After all 
measurements were taken for one method, the subject was given five minutes rest 
out of phoroptor then asked to perform the second triaL 
The data points collected generated two FDC's for each of the 33 subjects, one 
from the BI-BO method of prism presentation and one from the alternating 
method. A composite FDC was made from al133 of the BI-BO FDC's, and this was 
compared to the composite of the 33 alternating FDC's (Fig. 2). 
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A point by point analysis was performed to compare the fixation disparity 
measurement produced at each prism amount in the two methods. A paired, two-
tailed t-test was applied to determine the significance of the differences between the 
two means of each prism amount. 
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Figure 2. A comparison of two fixation disparity curves, comprised of the 
means of the 81-80 and alternating data from all 33 subjects. Positive values 
on the vertical scale are eso fixation disparity, negative values are exo fixa-
tion disparity. Positive values on the horizontal scale are 80 prism, negative 
values are 81 prism. 
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RESULTS 
Table 1. Mean fixation disparity measurement for each prism amount. 
Prism Fixation Disparity (minutes arc) 
amount Presentation method Difference t-tes ta p 
(Prism diootersJ 81-80 Std. Dev. Alternatina Std. Dev. 
a 
15 Bl 11 .55 eso 8 .55 14.27 eso 8 .56 2.72 eso -3.541 .0012 
12 Bl 8.67 eso 8.58 10.67 eso 8 .66 2.00 eso -3.164 .0034 
9 Bl 5.09 eso 7 .04 6.91 eso 8.20 1.82 eso -2.694 . 0111 
6 Bl 2.42 eso 8.03 3.82 eso 8.37 1.40 eso -1 .42 3 .1645 
3 Bl 0.67 exo 8.74 0.06 eso 7.13 0.73 eso -0.790 .4352 
Or tho 3.09 exo 8.87 2.76 exo 8 .02 0.33 eso -0.513 .6113 
380 4.46 exo 9.25 4.82 exo . 8.60 0.36 exo 0.517 .6084 
680 5.82 exo 9.06 6.82 exo 9.09 1.00 exo 1.727 .0938 
980 7.00 exo 9.30 7.76 exo 9.67 0.76 exo 1.312 .1988 
12 BO 8.15 exo 10.28 9.15 exo 9 .77 1.00 exo 1.617 . 1158 
15 BO 9.79 exo 10.45 10.52 exo 10.08 0.73 exo 0.429 .6705 
A negative t-test value is generated when the mean fixation disparity measurement of the alternating 
method is more eso than the mean of the BI-BO method. A positive value is generated when the mean 
fixation disparity measurement of the alternating method is more exo than the mean of the 81-80 method. 
The t-test results at each of the eleven prism amounts tested are shown in 
Table 1. Table 2 is a representation of the data collected at two of the eleven prism 
amounts: 15 BI, which was significant; and ortho, which was not. 
Results of the t-test reveal the following: At the 1% level of probability, the 
null hypothesis is rejected at 15 BI and 12 BI. At the 5% level of probability the null 
hypothesis is also rejected at 9 Bl. The differences in the means of the fixation 
disparity readings are significant at these prism amounts from one order of prism 
presentation to the other. In terms of the FDC, the difference between the means is 
significant at the BI extremity of the curve. As the curve progresses towards ortho 
the difference between the means becomes less significant. Differences between the 
means on the BO side of the FDC increase towards the BO extremity but do not reach 
a significant level. 
At both the BI and BO extremity of the FDC, the alternating method of prism 
presentation appears to produce larger fixation disparity findings than the BI-BO 
method. This means that the alternating method tends to spread the data points 
more than the BI-BO method. The central portion of the FDC's produced by the two 
methods is relatively similar. 
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Table 2. An example of the data collected at two prism amounts. 
Subject Fixation disparity (minutes arc) 
No. Method at 15 Rrism dio1::1ters 81 Method at ortho 
81-80 Alternatina 81-80 Alternatina 
1 14 eso 16 eso 2 eso 6 eso 
2 14 eso 10 eso 2 exo 2 exo 
3 20 eso 25 eso 8 eso 8 eso 
4 8 eso 14 eso 16 exo 10 exo 
5 12 eso 6 eso 4 exo 4 exo 
6 25 eso 25 eso 2 eso 2 eso 
7 12 eso 16 eso 25 exo 14 exo 
8 14 eso 25 eso 0 2 exo 
9 14 eso 20 eso 4 eso 4 eso 
1 0 4 eso 4 eso 4 exo 2 exo 
1 1 1 B eso 16 eso B eso 6 eso 
1 2 20 eso 25 eso 8 eso 8 eso 
1 3 4 exo 4 exo 12 exo 12 exo 
1 4 12 eso 12 eso 2 eso 0 
1 5 14 eso 14 eso 2 eso 0 
1 6 8 eso 12 eso 2 exo 0 
17 2 eso 8 eso 16 exo 16 exo 
1 8 6 eso 8 eso 25 exo 25 exo 
1 9 25 eso 25 eso 4 eso 6 exo 
20 10 eso 1 o eso 2 eso 2 exo 
21 18 eso 25 eso 6 eso 6 eso 
22 4 eso 12 eso 8 exo 12 exo 
23 25 eso 25 eso 4 eso 6 eso 
24 4 eso 6 eso 6 exo 6 exo 
25 4 eso 4 exo 2 ·exo 4 exo 
26 6 eso 6 eso 4 exo 2 exo 
27 8 eso 10 eso 0 4 exo 
28 10 eso 14 eso 0 4 eso 
29 25 eso 25 eso 0 4 eso 
30 12 eso 20 eso 8 exo 2 exo 
31 10 exo 4 eso 20 exo 18 exo 
32 25 eso 25 eso 2 eso 4 eso 
33 12 eso 16 eso 2 exo 6 exo 
Mean 11.55 eso 14.27 eso 3.09 exo 2.76 exo 
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DISCUSSION 
The results of this study show that using an alternating method of prism 
presentation will generate a different FDC than that generated by the BI-BO method 
of prism presentation. Specifically, fixation disparity values at the BI extremity of 
the FDC tend to be greater with the alternating method than with the BI-BO 
method. 
This can be explained by an understanding of prism adaptation and a 
consideration of the order of prism presentation used in the two trials. The 
alternating method presented a BI prism demand followed by a BO prism demand. 
This was then repeated at progressively higher prism amount, and so on. For the 
subject to fuse each new prism amount, they must overcome the effects of the prism 
adaptation produced by the previous prism amount, in effect neutralizing it's 
effects. When an FDC is drawn from the data collected, there are no BI prism 
adaptation effects on consecutive points of the BI side of the graph, nor are there BO 
prism adaptation effects on the BO side of the graph. 
When the BI-BO method of prism presentation is used, each measurement 
through a new BI prism amount is preceded by a previous BI prism amount. 
Therefore, each new measurement has the effect of prism adaptation from the 
previous measurement. The prism adaptation makes fusion at each new, higher, 
prism amount easier, which produces a lower fixation disparity measurement. 
Therefore, the FDC produced is not as steep at the BI and BO exfremities as the FDC 
produced by the alternating method. 
Prism adaptation to BI prism has a greater effect on fixation disparity than 
prism adaptation to BO prism7. This may be part of the reason that the FDC's 
produced by the BI-BO method and the alternating method are significantly 
different at the BI extremity but not at the BO extremity. 
The FDC's generated by the . two methods are different, but does this have any 
effect on the diagnostic, comparative, and experimental uses of the FDC? Obviously, 
further analysis of the data gathered here, further studies, and discussion of limi-
tations in this study must be done to answer this question in a satisfactory manner. 
The data gathered in this study was limited in part by the experimental 
design. In order to have data points at every prism amount from each subject, a 
maximum prism amount through which a majority of possible subjects could 
maintain fusion and perform the test had to be pre-determined . This was set at 15 
prism diopters BI and 15 prism diopters BO. When obtaining an actual FDC from an 
individual, these limits are set by the individual's fusion range (fusion range with 
9 
the Sheedy Disparometer as the target). Quite often, the most slope generated in an 
FDC is at the extremities -just before the subject loses fusion. The point at which 
fusion is lost may have been well beyond 15 BI and BO for many subjects. 
Another limit was set by the instrument itself. The Sheedy Disparometer 
tests fixation disparity from 25 arc min eso to 25 arc min exo. Normally, when an 
individual reaches the 25 arc min extremity, it is not necessary to test at an increased 
prism amount (the fixation disparity reading from the disparometer should 
continue to be 25 arc min). As an example, an individual's FDC may run from 24 
prism diopters BI, at which point they could no longer maintain fusion, to 9 prism 
diopters BO, at which point they had a fixation disparity finding of 25 arc min. 
Effects from the limits of the instrument may be questioned for two reasons. 
First, it is arguable whether an individual can physically have a fixation disparity 
much beyond 25 arc min. The physiological limit of fixation disparity at the fovea is 
defined by Panum's fusional areaS. Because the Sheedy Disparometer is actually 
testing fixation disparity at a non-foveal position, it is not known exactly what the 
maximum physiological limit of fixation disparity would be. If it were greater than 
25 arc min, many of the data points would have extended further (Table 3). Second, 
since the possible flxation disparity measurements are unknown beyond 25 arc min, 
it is impossible to make any direct estimate of how this would have affected the 
study. The possibility exists, therefore, that the difference between the two methods 
would have reached a significant level on the BO extremity if not for the limitation 
of the instrument. This would explain why the t-test scores appeared to be reaching 
a significant level on the BO side, then reversed their trend (Table 1 and Figure 2). 
Table 3. Subjects with fixation disparity measurements at the instrumental 
limit of 25 minutes of arc eso fixation disparity or exo fixation disparity in both 
methods of prism presentation 
Subject Prism amount and direction a 
No. 15 81 12 81 9 81 6 81 3 81 0 380 680 9 80 12 8015 80 
6 + - - -
- -
e 
-
- - -
7 - - - - '" - - - * • * 
1 8 
- - - -
-
. 
* * • • * 
1 9 * - - - - - - - - . -
22 - - - - - - + ~ - * * 
23 • . 
-
-
- - - - - - -
29 . + 
-
- - - - -
-
-
-
31 -
- - - -
-
- -
-
* * 
32 * * - - - - - - - - -
a An (*) means that the fixation disparity value was measured as 25 minutes of arc 
eso (through Bl prism) or exo (through BO prism) with both the BI-BO and alter-
nating methods of prism presentation. A (-) means that one or neither method 
produced a 25 minute arc measurement. 
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No attempt was made in this study to determine if one method of prism 
presentation was more useful or accurate than the other. Performing both methods 
on many subjects has offered some insights into this question. First, many patients 
found it more difficult to quickly fuse the target of the disparometer when changing 
from one prism value to the next in the alternating method than in the BI-BO 
method. Intuitively, it would seem that the alternating method does more to 
counteract the effects of prism adaptation. It is likely harder for subjects to change 
from one prism value to the next in the alternating method because they are being 
forced to overcome (counteract) this prism adaptation. Second, if the goal of 
plotting an FDC is to achieve a spread in the data points, it appears that the 
alternating method would be a better choice (Figure 2). 
Sheedy and Saladin have identified four parameters of an FDC which are 
clinically useful. In order of clinical effectiveness, they are FDC type, Slope of the 
FDC, Y-intercept, and X-intercept (associated phoria)9. The data gathered here will 
be further analyzed to look for differences between the two methods in each of these 
parameters. This will help determine if the differences found here are clinically 
relevant. 
Because the two methods produce different FDC's, data gathered through two 
or more methods may not necessarily correlate. The differences between the two 
method's FDC's is suggestive enough to require the method of prism presentation 
to be specified in studies involving FDC's, and should be noted when using FDC's to 
follow a patient's progress in visual training. 
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